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00S 20 - Recent Advances in Individual-Based
Population Modeling with Applications to
Conservation and Management

= Focus. Modern simulation models and their use
in conservation biology and landscape ecology.

* Why This Focus? Models are increasingly
required to forecast plant and animal responses
to future conditions and disturbance patterns.

* Today’s Talks. This introduction, plus nine
presentations illustrating a wide range of
applications of the HexSim model.



HexSim Past, Present, Future

= Past. HexSim grew out of the PATCH model.
Work on PATCH dates back to 1995. HexSim
development began in 2007.

= Present. HexSim 2.0 debuted in February 2011.
Significant enhancements and corrections have
since been made. Version 3.0 (in development)
will include aquatic populations.

" Future. Case studies and outreach. Subsequent
enhancements will reflect user-defined needs!



Why HexSim ?

" It’s a free, modern, and generic multi-species,
multi-stressor, modeling framework.

= |t’s spatially-explicit, individual-based, and each
individual may possess unique groups of traits.

= Simulations range from simple to complex, and
can capture population and stressor interactions.

www.hexsim.net
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Interacting Populations

I - B

HexSim Versio:
HexSim  Scenario  About
Workspace Competition + Disease Xl
Simulation Parameters Event Sequence
Number of Time Steps 1000
StartLogging atStep @ Type
Stochasticity Model Random - G
Accumulate
kg L.'”Etlons Reproduction
e T
Population B TS
Floater Creation
Spatial Data Movement
#-@ Lattice (smoothed) Movement
Movement
Movement
lio
0
0
Accumulate
Accumulate

CurrentWorkspace is D:'\Work|HexSim\HexSim 2.3\Example Workspace

Name
Increment Age (A)
Increment Age (B)

Stagex

Juveniles Only (A)

Juveniles Only (B}

All Floaters (A)

All Floaters (B)

Construct Explored Areas (A)
Construct Explored Areas (B)

roduce Disease

=

)
(8

‘ HexSim Monitor - Competition + Disease

Server Location C\Users\Nathan\Documents\WorkiHexSim\Current Version

C:\Users\Nathan\Documents\WorkiHexSim\HexSim 2.1\Example Wo

Schema Location  C\Users\Nathan\Documents\WorkiHexSim\Current Version\scenario
Text | Chart

Scenario File

Population Size

1000 | T - |
.Pc pulaticu‘\ A .Pupulaficln B

o

100 200 200 400 500 600 700 BOO o900 100

h Completion [ | Use Fixed Simulation Seed
ksults In Time-Stamped Directory

Pause Resume




Sources, Sinks, Connectivity

= Multiple spatial sampling schemes can be used
simultaneously to quantify the landscape’s
source-sink and connectivity properties.

* The sampling schemes are completely
independent of, and have absolutely no impact
on the simulated population dynamics.

" The source-sink and connectivity metrics that
result factor in species and stressor interactions,
the effects of movement barriers, etc.



Example from

US FWS Spotted Owl Model Sources and
Deschutes NF ‘Six Rivers NF Si n kS in

H (]
exsSim
Or Best Source
Deschutes Sink 100.0
Winema Sink 44.8
Siuslaw Sink 5.5
Okanogan Sink 1.7
Olympic Sink 0.4
Mount Baker Source 0.1
Gifford-Pinchot Source 3.1
Wenatchee Source 9.0
Mount Hood Source 17.4
Siskiyou Source 18.3
Willamette Source 42.0
Mendocino Source 42.2
Klamath Source 42.9
Rogue River Source 56.6
Shasta-Trinity Source 66.4
Umpqua Source 69.3
Six Rivers Source 100.0
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National Forest Connectivity
Example from US FWS Spotted Owl Model

Q w

szl ezl 2120 0102120z 1z21:2/°:]|:3

% 5 g 2 E ® = g g % = 7 E = 2 = s

ot g = 2 -
Mount Baker 0.9110 § 0.0001 - - - - - 0.0083 - - - - - - 0.0153 - -
Gifford Pinchot | 0.0004 J 0.9461 - - - - - - - - - - - 0.0016 | 0.0056 - -
Willamette - - 0.9501 | 0.0000 - - - - 0.0001 | 0.0381 - - - 0.0190 - - 0.0176
Rogue River - - 0.0000 | 0.8332 - - 0.0087 - - 0.0000 | 0.0560 - - - - 0.0175 | 0.0199
Shasta-Trinity -- -- -- 0.0000 | 0.9157 -- -- -- -- -- -- 0.0325 | 0.0130 -- -- 0.0115 --
Olympic - - - - - 0.7083 - - - - - - - - - - -
Siskiyou - - - 0.0066 - - 0.9122 - - - - 0.0026 - - - 0.0046 -
Okanogan 0.0001 - - - - - - 0.8738 - - - - - - 0.0002 - -
Suislaw - - 0.0000 - - - 0.0000 - 0.8692 - - - - 0.0000 - - -
Deschutes - - 0.0052 | 0.0001 - - - - - 0.8989 - - - 0.0000 - - 0.0005
Winema -- -- -- 0.0158 -- -- -- -- -- 0.0000 | 0.8823 -- -- -- -- 0.0000 | 0.0000
Six Rivers -- -- -- 0.0000 | 0.0234 -- 0.0060 -- -- -- -- 0.9000 | 0.0082 -- -- 0.0276 --
Mendocino - - - - 0.0062 - - - - - - 0.0042 | 0.9420 - - - -
Mount Hood - 0.0023 | 0.0039 - - - - - - 0.0001 - - - 0.9487 - - -
Wenatchee 0.0399 | 0.0041 - - - - - 0.0094 - - - - - - 0.9441 - -
Klamath - - - 0.0269 | 0.0063 - 0.0090 - - - 0.0001 | 0.0214 - - - 0.9011 -
Umpqua - - 0.0230 | 0.0309 - - - - - 0.0074 | 0.0001 - - - - - 0.9252




Daily Yearly Daily Yearly

Disease Dynamics

Environmentally-

Mediated Transmission

|

Overwinter Multiple Census
Mortality Events
Zoospore-Induced Zoospore
Mortality Exchange
Tadpole Adults
Maturation Reproduce
Age-Stratified Subadult
Movement Maturation

T

Areq

Alreq  AIedx  Aqreq

Direct

Transm

ission

Competition + Disease | Transition ( Disease Progressio_

Mame Disease Progression

- Transitions | Description

Trans.ition. To= Susceptible
Combinations |
»  Susceptible, Unexposed
Susceptible, Exposed
Infected, Unexposed
Infected, Exposed
Sick, Unexposed
Sick, Exposed

Recovered, Unexposed

HHOOOQQI

Recovered, Exposed

Infected Sick Recovered
0 0
1 0
0.5 0.5 0
0.5 0.5 0
0 0.8 0.2
0 0.8 0.2
0 0
0 0

H Delete ‘

\ Recover H

Close




Landscape Genetics in HexSim

HexSim  Scenario  About

Workspace Genetics_Model X

Simulation Parameters Event Sequence
Number of Time Steps 1000

StartLogging atStep 0 Type
Stochasticity Mode! Random - Survival

Populations
Spotted Owls

Locus C

[ Genetics_ Model | Inte

Name

Number of Alleles

Spatial Data Inheritance Type Mame Form Pairs
@ Demographic Study Areas
MaxEnt 2006 NSO Habitat Properties 0 I‘“l Description
. ’;‘:da""g ng‘;”s Initial Allele Freque utp B
yelogiaphic Hovinces ® Primary Population Zone of Influence Influence Rule Spatial Data
Values are (@) Idg Spotted Owls ~  Allocated v Always v | |=>> None Selected<  ~
[New Tab]| New Interaction with Primary Population |
Secondary Population Zone of Influence Influence Rule Spatial Data
Spotted Owls v Allocated v  Always v |>>> MNone Selected < +
( Secondary : Veritcal ) Spotted Owls (Primary : Horizontal ) Spotted Owls
E Pairing Status - E Pairing Status -
E Physiographic Provinces E Physiographic Provinces
Movement || Resource Class || Resource Class
" q V] Sex = V] Sex =
M : E Stage Class E Stage Class
o E Territory Status E Territory Status
Movement
Movement . Female, Male,
Primary = Female, Territory Male, Floater Territory
Second 4 Float ’
SlRET oater Halder Halder
»  Female, Floater _
Female, Territory
Male, Floater
Male, Territory #1is100.0%
Current Workspace is D:'\Work\Research\Spotted Owls\Workspace

Recover ] I Close I




Works With Both Neutral
and Adaptive Alleles
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Speaker: Peter Singleton

Populations Stressors SPOttEd OWI - Ba rred OWI
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Speaker: Chad Wilsey

Black-capped Vireo —
Cowbird Interactions
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Populations
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Speaker: Theresa Nogeire
ressors Kit Fox Responses to Multiple Stressors

Kit Fox Range

Rodenticides




Sources sinks Speaker: Carlos Carroll
The Connectivity Analysis Toolkit (CAT)

Connectivity

@ Connectivity Analysis Toolki 3
Help About
|

HexMapsl Graphs Connectivity lOutputl F
Function Beta] Maximum Flow| ﬂ

Graph File | Browse

Input File(s) Type |Generic Data ﬂ

Input File | Browse
{Unused) |

Maximum Distance  [0.0000

Output File | Browse

[ Use Scaling

[~ NoDataValue  |-9999
Number of Threads |3

Supply Fraction |1_[:|3[:|3

Probability |0.8500




Interacting

Stressors

" HexSim Version 2.3

Scenario  About

| B2-0(ochytrid)

HexSim

Workspace
Simulation Parameters
Number of Time Steps
StartLogging atStep 0

Stochasticity Model Random

Populations
. Rana muscosa

Spatial Data

@ Dispersal Mortality
Habitat

[ Environmental Zoospores
[ Frogs and Chytrid

Disease

Dynamics

X B0 x|

EventSequence

I -~

Type

¢ | Survival

¢ Clone Individual

¢ Accumulate

¢ Survival

‘?q- Transition
Floater Creation

=D |Introduction

=D |Accumulate

=>| Transition
Movement
Movement
Movement
Accumulate
Transition

¢ | Reproduction
Generated Hexmap
Generated Hexmap
Accumulate
Census

A |Census
A

Census

I -

Speaker: Gisselle Yang Xie

Mountain Yellow-Legged Frogs
and the Chytrid Fungus

Name

Overwinter Survival
Tadpole Maturation
Tadpole Maturation
Tadpole Maturation
Tadpole Maturation

Prepare for Movement
Add Infected Adults

Add Infected Adults

Add Infected Adults

Adults Forage

Subadults Forage
Tadpoles Forage

Record Group Status
Subadult Maturation
Tadpole Creation

Map Frogs and Chytrid
Zoospores in Environment
Zoospores on Animals

0 - Stage Class

1 - Infection Status

2 - Stage Class x Infection Status

Current Workspace is C\Users\Nathan\Documents\Work\Research\Disease Ecology\Chytrid\Workspaces\Barret Basin




Speaker: Michael Tuma
iressors Desert Tortoise Population Dynamics




Interacting

Stressors

Speaker: Patrick Huber

Tule Elk Reintroduction Strategies

PRESENT




Interacting Interacting S p e a ke r: j effrey D u n k

Spotted Owl Conservation

Populations Stressors

Comparison and
Feedback
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Scenario 2 ::>
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Landscape Speaker: Jennifer Day
Adding Realism to Landscape Genetics

Genetics

. . Competitive
Mutation | |Reproduct|on I<—| Ability

| Recombination I—Pl Fitness |

— I

Landscape Movement | Exposure
Structure Behavior

Genetic Species External
Structure Interactions Stressors
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